An evaluation method for hydrogen embrittlement (HE) susceptibility for ultra high strength steel was studied. The study showed that the evaluation results obtained by the method were independent of the stress concentration factor and the dimension of the specimen. A commercial 0.40C-0.24Si-0.81Mn-1.03Cr-0.16Mo (mass%) steel with a tensile strength of 1 400 MPa was used. The Local Approach, which was originally used for the evaluation of brittle fracture property, was applied to evaluate the HE susceptibility. The method was modified to consider the effect of hydrogen content to evaluate the HE susceptibility. The critical HE data, which were required in the modified Local Approach, were obtained by the stepwise test in which the stress increasing process and the stress holding process were alternatively repeated until the specimen fractured. The dimensions of the specimen used in the stepwise test consisted of a diameter of 10 mm and a stress concentration factor of 4.9. To evaluate the HE susceptibility for specimens with other dimensions, a critical hydrogen content for failure called Hc, which represents the maximum hydrogen content among the unfracture specimens on the HE test with constant loading, was used. It was found that the HE susceptibility could be evaluated by the modified Local Approach considering hydrogen content distribution in the specimens and that the probability of the HE fracture on the components could be designed by using the evaluation results.
Introduction
Utilization of ultra high strength steels with tensile strength over 1 000 MPa has recently been promoted because of the increase in demand of the weight reduction of construction components and automobile parts. However, there are some problems that need to be resolved for the application of these steels. One of the main issues that restrict the utilization of ultra high strength steels is delayed fracture. 1) When new ultra high strength steels are developed for structural applications, it is necessary to evaluate whether delayed fracture occurs on the component that is made by the steels in a given service condition. Various methods for the delayed fracture property have been suggested, [2] [3] [4] [5] [6] but these methods only provide primitive information as to which steel is more susceptible in the test condition. There is no method to evaluate how safe the steel components are against delayed fracture in a given service condition.
Delayed fracture is generated by hydrogen in steels 1) as well as by applying stress to the components 1) and affected by the degree of stress concentration of the components. 7, 8) Hydrogen intrudes into steels when steels are corroded. Two factors, hydrogen intrusion property from the environment into the steel components [9] [10] [11] and hydrogen embrittlement (HE) susceptibility of the steel components, should be considered in the evaluation for delayed fracture. This paper focuses on the quantification of the latter factor.
Structural components differ in shapes, sizes, and stress conditions. Hence it is necessary to establish an engineering evaluation method for HE susceptibility which is independent of dimensions and stress conditions of components. If a method is established, it would be possible to predict the HE susceptibility of any structural component based on the evaluation results with just one or a few simple shaped specimens.
A new evaluation method for the brittle fracture property, called the Local Approach, has recently been suggested. [12] [13] [14] [15] The evaluation method enables the transferability analysis of the brittle fracture properties obtained with different geometries and loading conditions. Therefore, we can predict or design the brittle fracture performance of any component under various conditions by using the evaluation results that were obtained under a simple condition by the Local Approach.
We have tried to evaluate the HE susceptibility by the method using the Local Approach concept 8, [16] [17] [18] and showed that the HE susceptibility of high strength steels could be evaluated by the modified Local Approach by considering the effect of the hydrogen content distribution in the specimen. 18) However, the HE susceptibility of various specimens could not be evaluated by using the proposed method in the region of high applied stress. The reason was considered that the material constants in the method were obtained using the critical HE data in only the low stress range.
In this paper, we show the process of introducing the modified Local Approach method based on an HE mechanism which is different from the mechanisms considered in the previous paper. 18) Then we evaluate the HE susceptibility with the material constants in the modified Local Approach, g and m, obtained from the critical HE fracture data in the wide range from low to high applied stress. And we discuss the important factors for evaluating the HE susceptibility property by this method in some detail. 7, 8) A quenched and tempered JIS SCM440 steel with a chemical composition of 0.40C-0.24Si-0.81Mn-1.03Cr-0.16Mo (mass%) was used. Round bars with a 12 mm diameter were austenitized at 1 153 K for 45 min in a salt bath and quenched in oil. Then they were tempered at 723 K for 90 min in a salt bath, subsequently quenched in water. The prior austenite grain size was 17 mm. The tensile test of the material was performed using a specimen with a diameter of 3.5 mm and a parallel portion length of 25 mm. The crosshead speed of the tensile test was 0.5 mm/min. The gage length of the nominal strain was 12.7 mm, the 0.2% flow stress and the tensile strength were 1 276 MPa and 1 403 MPa, respectively.
Experiment

Material
Hydrogen Embrittlement Test
Two types of hydrogen embrittlement tests were conducted; a constant loading type test and an incremental loading type test called the stepwise test. By the constant loading test, we obtained the basic HE susceptibility data of the steel, specifically the critical hydrogen contents for failure denoted H c under various conditions of stress concentration factors and applied stress levels. H c was defined as the maximum hydrogen content among the unfracture specimens under each applied stress. By the stepwise test, we acquired the distribution of the critical HE data using the specimens with a stress concentration factor Ktϭ4.9. 7, 8) The shapes and the dimensions of the specimens that were used for the constant loading tests are shown in Fig. 1 . The stress concentration factor Kt varied from 2.1 to 6.9 by altering the curvature of the circumferential notch. Kt was calculated by the equation in Ref. 19 ). The applied stress was in the range 0.33 to 0.72 times the average ultimate strength (s nB ϭ2 148 MPa) of the notched specimens. The tests were performed under 12 conditions shown in the data in Fig. 2 in along with K t and the applied stress levels.
Hydrogen Embrittlement Test with Constant Loading
The test procedure was the same as that reported by Yamasaki and Takahashi. 5) The cathode hydrogen charge was conducted in a 3 %NaClϩ0.3 %NH 4 SCN water solution, and the current density was 1 to 2 A/m 2 . After the hydrogen was charged, the specimens were electrically coated with cadmium to protect hydrogen evolution. They were kept at an ambient temperature for 24 h to homogenize the hydrogen content distribution in the specimen. Then a constant load was applied to the specimens with conventional creep test machines. During the test, the time to failure was measured. After the specimens fractured, the hydrogen content in the specimen was measured. If the specimens did not fracture up to 100 h loading, we stopped the test. The average hydrogen content in the specimens was measured by a thermal desorption analysis using a quadru-pole mass spectrometer (Q-mass) at a heating rate of 100 K/h. The total hydrogen content desorbed up to 573 K was defined as the diffusible hydrogen content that was able to diffuse in steels at an ambient temperature. The critical hydrogen content for failure denoted H c , was determined from these experiments.
Hydrogen Embrittlement Test with
Stepwise Loading To evaluate the brittle fracture evaluation by the Local Approach, the critical Weibull stress at the onset of fracture is obtained by continuous stress increment tests such as the normal tensile test using the specimens with the circumferential notch or the CTOD fracture toughness test. The Weibull stress from these tests is computed by the FEanalysis for the stress distribution in the specimen. Similarly, we need to obtain the critical HE at fracture of the materials to evaluate the HE susceptibility using the Local Approach. However, we must obtain not only the stress distribution but also the hydrogen content distribution in the specimen under each fracture condition. If we carry out continuous stress increment tests, the hydrogen content distribution will depend on the strain rate because the hydrogen diffusion induced by the stress in the specimen cannot catch up with the stress distribution change. Therefore, we carried out stepwise loading tests. The stress was maintained over a time after the applied stress was increased in that test. The hydrogen content distribution almost reached the equilibrium condition during the holding time, 17) so we were able to estimate the hydrogen content distribution in the specimen in a critical HE condition by using the calculated stress distribution and Eq. (1) described in Sec. 2.4. Figure 3 shows the flow chart of the stepwise tests under low and high applied stress conditions.
(1) Stepwise Test under Low Applied Stress Condition 17, 18) Hydrogen charging, Cd coating, and a hydrogen content homogenizing treatment of the specimens were conducted by the same procedure as the constant loading test. The current density was 1 A/m 2 and the hydrogen charge was for 5 h. In the first step, a stress of 702 MPa was applied on the specimens for 12 h. The specimens that fractured in this step were not used for the evaluation. In the second step, the stress was increased by 14 MPa and applied on the specimen for 2h. 17) If the specimens did not fracture during this time, the applied stress was increased by another 14 MPa for another 2 h. This step was repeated until the specimen fractured. The fracture specimens were used for the hydrogen content measurement with the Q-mass.
The applied stress s (ave.) of 702 MPa in the 1st step of this test was the same as the minimum applied stress in the constant loading test. The applied stress increment of 14 MPa in the 2nd and subsequent steps was determined to be about 0.7% of the average ultimate tensile strength of the specimens.
The procedure for determining the holding times on the 1st step and the other steps are described as follows. 17) We considered that the longest time from the applied stress increment to the failure of specimens at each step is the sum of the time from the applied stress increment to a first crack initiation at the prior austenite grain boundaries and the time from a first crack initiation at the prior austenite grain boundaries to the fracture of the specimen.
First, we estimated the longest period of time from the applied stress increment to a first crack generation at the prior austenite grain boundaries as the time in which the hydrogen content distribution almost reaches the equilibrium condition. We estimated the times to be 10 h in the 1st step and 10 min in the 2nd and subsequent steps. Then the time from a first crack generation at the prior austenite grain boundaries to the fracture of the specimen were investigated by an experiment using acoustic emission. The time was less than 1h in all steps. As a result of the sum of those two times in each step, the holding time was determined 12 h in the 1st step and 2 h in the 2nd and subsequent steps.
(2) Stepwise Test under High Applied Stress Condition
The experimental procedure was almost the same as that in the low applied stress condition. The current density was 1 A/m 2 , and the hydrogen charging time was 1h to obtain lower hydrogen content than that in the low applied stress condition. In the first step, a stress of 982 MPa was applied for over 12 h. The stress increment in the 2nd and subsequent steps was 28 MPa and the stress was applied for over 2 h.
The applied stress in the 1st step and the stress increment in the 2nd and subsequent steps were set higher than that in the low applied stress condition in order to finish the experiment of each specimen within 2 d.
The holding time was determined by considering only the longest time from the applied stress increment to a first crack initiation. The time was estimated as the time when the hydrogen content reached the equilibrium condition. To compensate for this situation, AE (acoustic emission) sensors were attached to all the samples, and the tests were stopped after a first crack was detected by the AE within 12 h in the 1st step and 2 h in the 2nd and subsequent steps. This condition can be determined from the results as follows.
The longest period of time from the applied stress increment to a first crack generation at the prior austenite grain boundaries was estimated by the same method as for the low applied stress condition. 17) The time in which the hydrogen content distribution almost reached the equilibrium condition was calculated by Fick's law. The times which hydrogen content reached 99% of equilibrium content were 10 h in the 1st step and 10 min in the 2nd and subsequent steps. These are shown in Figs. 4(a) and 4(b), respectively. As the results, the holding times were determined as 12 h in the 1st step and 2 h in the 2nd and subsequent steps, which were the longer than the calculation results because of considering errors in calculation.
We utilized the AE measurement to check for crack initiation and propagation, during the stepwise test. The AE measurement was shown to be in previous papers. 16, 17, 20) The specimen dimension for the acoustic emission measurement in the present study is shown in Fig. 5 . 17) An acoustic emission sensor was attached onto a flat surface. Figure 6 shows an example of the process in the stepwise HE test in which the specimen fractured under a high applied stress condition. The hydrogen content in the specimen measured after the fracture was 0.062 mass ppm. The first crack initiated at 70 min after 9 steps of stress increment. To investigate the time from the first crack initiation to the fracture of the specimen, we kept the same stress intentionally from the first crack initiation up to the fracture. The specimen fractured 865 min after the first crack initiation. It took a very long time to fracture. It is considered that a lot of hydrogen may escape from the specimen through cracks after the first crack initiation. If the consideration is right, we cannot measure the precise hydrogen content in the specimen after fracture. Hence if the crack initiation was detected by the AE measurement within 12 h in the 1st step and 2 h in the 2nd and subsequent steps, we stopped the stepwise test by assuming the specimen fracture. After that, the hydrogen content in the specimen was measured.
We assumed that once a crack initiates, the specimens must fracture under the applied stress. We have provided two types of evidence to support this assumption. The first is the study by Yamazaki and Takahashi, 20) which reported that the hydrogen content required for a crack initiation was higher than that for the crack propagation under a given applied stress. The other evidence is from our study which showed that when the crack initiation was detected by the AE measurement in the constant loading test described in Sec. 2.2.1, all the specimens fractured. Furthermore, no cracks appeared in the unfracture specimens in the constant loading test for 100 h. This result was confirmed as follows. The unfracture specimens were removed from the creep machine and annealed at 873 K for 1h to discharge the hydrogen and to soften the steel. Then they were fractured by the tensile test, and the fracture surface was examined with SEM. The intergranular fracture related to the hydrogen-induced cracking was never observed in any of the unfracture specimens in the constant loading test.
The time from the first crack initiation to fracture in the high applied stress condition (865 min in Fig. 6 ) is higher than that in the low applied stress condition, however the cause is not solved.
Stress Distribution Analysis in Specimen with Finite Element Analysis
The stress distributions in the specimens were analyzed using the FE-code, ABAQUS / Standard ver.5.8. An 8-node axisymmetric element was used. The number of elements ranged from 1 405 to 2 294, the number of nodes from 3 429 to 6 515, and the minimum element sizes from 0.97 to 2.47 mm, depending on the notch root dimension. Element sizes corresponded to the martensite block size of the material used in this study, which is about 1 mm. The stress distribution that was obtained was not affected by the element size which was about 1 mm or 10 mm.
Hydrogen Distribution Analysis in Specimens
The hydrogen content distribution in the specimens was calculated by Eq. (1) 7,18) ........ (1) where Ds h(element) is the difference in the hydrostatic stress of each element and the hydrostatic stress of the element which has an almost uni-axial stress condition that is located 20 mm away from the notched region. DV is the partial molar volume of the hydrogen in bcc-Fe (2ϫ10 Ϫ6 m 3 /mol), R the gas constant, T the test temperature (ϭ300 K), and H the diffusible hydrogen contents of the specimens. The hydrostatic stress (ϭs rr ϩsϩs zz ) was calculated by the FE-analysis where s rr , s, and s zz denote the principal stresses in the radius-direction, the circumference-direction and the axial-direction, respectively.
Results
Local Approach Method Considering Hydrogen
Content Distribution To combine the effect of hydrogen content distribution in the Local Approach method, the hydrogen embrittlement mechanism should be reflected in the method. Three major theories exist for the hydrogen embrittlement mechanism relating to delayed fracture. The first theory is that the dislocation motion is promoted by hydrogen, 21) the second theory is that the vacancy content in the material increases with increasing hydrogen content, [22] [23] [24] and the third theory is that the cohesive force of ferrous is decreased by hydrogen. 25, 26) The correct theory is not known. In the previous paper, 18) we pursued the modified Local Approach by combining the hydrogen content distribution effect based on the first and the second theories. In this paper, we will consider the modified Local Approach based on the third theory.
In the Local Approach, the distribution p(c) of the micro crack length c is generally considered as a Cauchy-type asymptotic distribution shown like where E is Young's modulus, G is the surface energy correlating to the cohesive force and n is Poisson's ratio. When we consider the third theory, G H which is the surface energy under the condition of hydrogen content H is assumed as (6) where V 0 is a unit volume that includes one embryo of micro crack like cementite, and c cr is the maximum size embryo which does not propagate. The fracture probability F dV f of a small volume dV f in the fracture process zone V f is shown as Eq. (7) when F V 0 is very small. ......... (7) The fracture probability F of a specimen is expressed as Eqs. (8) and (9) These are the same equations as the ones in the previous paper 18) but consider other HE mechanisms. S w,cr shows a Weibull distribution with a shape parameter m and a scale parameter S u . The distribution of S w,cr is expected to be determined uniquely for this material of concern. In other 
words, the distribution of S w,cr is independent of the specimen dimension and the stress concentration factor.
In the conventional Local Approach, m and s u are obtained by the maximum likelihood method. However, in the above modified method, we must determine the g value to consider the effect of hydrogen content distribution. The method for obtaining g is described in Sec. 3.3.1. Figure 7 shows the relationship between the applied stress on the specimens described as s (ave.) and the average hydrogen content in the specimens with critical HE conditions that were obtained by the stepwise test and the constant loading test. The solid circles represent the data from the stepwise HE tests and the open circles and triangles the data from the constant loading HE tests. The open circles indicate the maximum diffusible hydrogen contents among the unfracture specimens (H c ) and the open triangles the minimum diffusible hydrogen contents among the fracture specimens (H f ). The critical conditions of the HE fracture on the stepwise test are located just below the critical conditions on the constant loading test.
Experimental Results of HE Test
HE Susceptibility Evaluated by the Modified
Local Approach Considering Hydrogen Content Distribution 3.
Estimation Procedure of g
To evaluate the HE susceptibility by the modified Local Approach considering hydrogen content distribution, the material constants of g and m were determined by the following method. 17, 18) First, the specimens with the lowest hydrogen content among the specimens with the same critical stress level were selected. The data for these selected specimens are shown by the solid circles in Fig. 8 . We assumed that these specimens had the same size embryos of a micro crack at the peak point on the axial-direction principal stress distribution which was the weakest condition for HE. 18) Under this assumption, Eq. (10) where s p(peak) is the peak value of the principal stress distribution in the axial-direction and H * (peak) is the hydrogen content at the position of the s p(peak) . The H * (peak) is almost same as the peak value on the hydrogen content distribution in the specimen. Because the hydrostatic stress at the position of s p(peak) is almost same as the hydrostatic stress at the position of the maximum hydrogen content. g is determined by using Eq. (10) and applying the least squares method. The g was calculated to be 0.21, and the approximation line is shown in Fig. 8. Figure 9 shows a plot of S w,cr for all the data obtained by the stepwise test on a Weibull paper. S w,cr exhibited the Weibull distribution in which the weibull shaped parameter Fig. 9 . Cumulative distribution of parameter S w,cr in stepwise hydrogen embrittlement tests specimens.
Evaluation Results of HE Susceptibility
m was 18 and the scale parameter S u was 1885. The value m and S u were estimated by the maximum likelihood method. 14, 17) The m value of 18 in this study is much smaller than that of 46 in the previous study.
17 ) The reason is considered as follows. The m value of 18 is the weibull shape parameter for S w,cr which is influenced by not only a maximum principal stress but also hydrogen content. On the other hand, the m value of 46 in the previous study is for s w,cr considered only a maximum principal stress. The smaller m is, the wider a distribution of data is. Because of the effect of hydrogen content, the distribution of S w,cr is wider than that of s w,cr . Therefore m for S w,cr is smaller than that for s w,cr .
If the HE susceptibility can be evaluated by this method, the cumulative frequency of S w,cr should be independent of dimensions of specimens. It takes a long time to obtain scatters of the critical HE using the stepwise test for a large number of specimens with various dimensions. Therefore, we decided to use the critical diffusible hydrogen content data, H c , that had been already obtained from the constant loading type HE tests. The next paragraph describes the method for evaluating the HE susceptibility of specimens with various dimensions using the H c data.
H c is generally defined as the maximum diffusible hydrogen contents among unfracture specimens in the constant loading type HE tests. However, in this paper, we will consider H c to be a condition for a low probability, for example less than 1 %, of HE fracture. If the probability of a fracture at H c condition is denoted as F 0 , and S w,cr at F 0 is expressed as S w,cr (FϭF 0 ), then S w,cr (FϭF 0 ) can be obtained from Eqs. (11) where s p(element) is the axial-direction principal stress and H * (element) is the hydrogen content of each element in the FE model. F 0 is assumed to be the same for all the H c data because H c conditions have very low probability of HE fracture. From Eq. (8), S w,cr (FϭF 0 ) is constant when F 0 is constant. Based on Eq. (11), it is proved indirectly that we can evaluate HE susceptibility uniquely and independently of the specimen dimension and the stress concentration factor by the modified Local Approach if all the H c g are in inverse proportion to the new parameter S s . Figure 10 shows the relationship between H c g and S s . The line in Fig. 10 represents the approximation curve under the condition that all the H c g are in inverse proportion to parameter S s under FϭF 0 . H c g and S s almost have an inverse proportion relation. Based on these results we can say that HE susceptibility is evaluated uniquely and independently of the specimen dimension and the stress concentration factor by the modified Local Approach.
Moreover we can design the probability of HE fracture denoted by F in any shaped parts by controlling S w,cr . For example, to control the probability of a fracture to less than 1%, we can design the S w,cr to be less than 1 450 for the structural components based on the data in Fig. 9 and Eq. (8) . The relationships between H g and S s under the condition of Fϭ0.005, 0.01 and 0.05 (corresponding to S w,cr ϭ1 400, 1 450 and 1 595, respectively) are shown in Fig. 11 where H denotes the average hydrogen content in the parts.
Discussion
We obtained good evaluation results of the HE susceptibility throughout the wide applied stress and hydrogen content range by the modified Local Approach. The material constants, g and m, were obtained with the critical HE fracture data in the wide stress range under the conditions for evaluation. We will refer to these results as our 1st case.
On the other hand, in our previous paper 18) we evaluated 
Fig. 11.
Estimation results for the probability of a HE fracture of the steel used in this paper by the modified Local Approach considering the effect of hydrogen content distribution. F denotes the probability of a hydrogen embrittlement fracture of a specimen predicted by this method. These results will be our 2nd case. In this section, we consider the reasons for the differences and try to clarify the important points to evaluate the HE susceptibility properly by the modified Local Approach.
We also evaluated the HE susceptibility by using g and m that were obtained with the critical HE data only in a region of applied stress s (ave.) above 982 MPa to investigate the difference between the 1st and 2nd cases. These results will be considered as our 3rd case. Figure 12 shows the data that are used for the calculation of g and the calculated results of g in the 2nd and 3rd cases. The 3 specimens with the lowest hydrogen content among the specimens with the same critical stress level were selected in each case to calculate g. Those 6 specimens were the same which were used to determine g in the 1st case. s p(peak) were below 2 500 MPa in 2nd case and above 2 500 MPa in 3rd case. The condition in which s p(peak) was 2 500 MPa corresponded to that in which s (ave.) was 982 MPa at Kt of 4.9. g of 0.14 and 0.21 were determined for the 2nd case and 3rd case, respectively. Figure 13 shows the cumulative distribution of S w,cr to be a Weibull distribution in both the 2nd and 3rd cases. Figure 14 shows the relationships between H c g and S s for the 2nd and 3rd cases. Table 1 shows g, m, and R that were obtained for the three cases. R denotes the correlation coefficient of the H c data for the approximation curve under the condition that H c g is in inverse proportion to parameter S s . g and m were different in the 1st and 2nd cases. On the other hand, the g was the same and the m was different in the 1st and 3rd cases. R in the 1st case and the 3rd case were higher than that in the 2nd case. The result indicate that g, which reflects the contribution rate of the hydrogen content to the principal stress for the HE fracture, is more influential than m in determining the contribution of the fracture process zone volume for the HE fracture. Therefore, it is very important to obtain g precisely for the HE susceptibility evaluation.
We feel that a more precise g can be obtained with the critical HE data on a higher applied stress range. The reason is considered as follows. To obtain g, we assume that these specimens fracture due to the same size embryo of a micro crack at the peak point on the axial-direction principal stress distribution. By increasing the applied stress, the stress distribution becomes duller and the region of the almost peak value, for example the region above 99 % of the peak stress, on axial-direction principal stress is extended. As a result, the data used for obtaining g can be acquired accurately with a small number of samples. Hence we believe the evaluation results in the 1st and 3rd cases are more accurate than those in the 2nd case, and the difference is caused by the low accuracy of g that was obtained in the 2nd case. In a future work, it will be necessary to evaluate various steels by the modified Local Approach, to study the appropriate method for obtaining g and m and to confirm the propriety of the evaluation results.
Conclusions
An evaluation which was independent of the dimensions of the specimen and the stress concentration factor for hydrogen embrittlement (HE) susceptibility of ultra high strength steel was studied. A steel with a composition of 0.40C-0.24Si-0.81Mn-1.03Cr-0.16Mo (mass%) and a tensile strength of 1 400 MPa was used. Two types of the HE test were carried out to obtain the critical HE fracture data of the steel. A modified Local Approach which considers the hydrogen content distribution in the specimens was used as the method for the HE susceptibility evaluation. The results are as follows.
(1) HE susceptibility could be evaluated independently of the dimensions of the specimen and the stress concentration factor by the modified Local Approach method by considering the hydrogen content distribution in the specimens.
(2) The modified Local Approach method with Eqs. (8) and (9) led to the same evaluation parameters even if the HE mechanisms were different.
(3) We can design the probability of HE fracture of the structural components by controlling S w,cr that was obtained in this method.
(4) It is important to obtain precisely the material constant of g for the HE susceptibility evaluation.
© 2005 ISIJ Fig. 14. Effect of the applied stress and the range of the hydrogen of the critical data used in the hydrogen embrittlement susceptibility evaluation. HE susceptibility was evaluated by the modified Local Approach considering the effect of hydrogen content distribution using the Hc data. The line in the each figure represents the approximation curve under the condition that H c g is in inverse proportion to parameter S s . (a) g and m were obtained using an applied stress below 982 MPa (2nd case). (b) g and m were obtained using an applied stress above 982 MPa (3rd case). Table 1 . Effect of the applied stress and the range of hydrogen of the critical data used in the hydrogen embrittlement susceptibility evaluation on g, m, and R. R is the correlation coefficient of the approximation curve under the condition that H c g is in inverse proportion to parameter S s . In the 1st case all the data obtained by the stepwise tests were used. In the 2nd case and the 3rd case, the data of applied stress below 982 MPa and above 982 MPa were used, respectively.
